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RESEARCH MEMORANDUM 


CALCULATED LATERAL FREQUENCY RESPONSE AND 
LATERAL OSCILLATORY CHARACTERISTICS FOR 
SEVERAL HIGH-SPEED AIRPLANES IN 
VARIOUS FLIGHT CONDITIONS 
By Byron M. Jaquet 


SUMMARY 


Calculations have been made to determine the effects of Mach number 
and altitude on the lateral frequency response, the lateral response to 
a lateral sinusoidal, gust distribution, and the period and damping of 
the lateral oscillation for the North American F-86A, Grunman F9F-2, 
Republic F-84, Douglas D-558-H, and Bell X-l airplanes without auto- 
pilots. Aeroelastic and unsteady lift effects have not been included 
in the calculations and may have a large effect an the results for cer- 
tain flight conditions. The results of the investigation are presented, 
without analysis, for reference purposes. 


INTRODUCTION 


In order to improve the poor damping of the Dutch roll oscillation 
of many current high-speed airplanes resort has frequently been made to 
the use of autopilots. Autopilot characteristics are generally available 
in the form of frequency-response characteristics rather than in equation 
form. Hence, the lateral-frequency-response characteristics of airplanes 
have become an increasingly more important factor in the analysis of the 
stability of an airplane -autopilot system. 

Numerous studies have been made of the dynamic stability of airplanes 
from, the standpoint of period and damping of the lateral oscillation (see, 
for example, refs. 1 to 5* although only a relatively few studies of the 
frequency-response characteristics of high-speed airplanes have been made 
(see, for example, refs. 6 to 11). A thorough study of the lateral- 
frequency- response characteristics, using transient-flight results, was 
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made for a 55° swept -wing fighter airplane in the investigation reported 
in reference 11. A survey of various techniques for the stability anal- 
ysis of automatic ally controlled aircraft is presented in reference 12. 

The present paper presents the results of calculations made to deter- 
mine the effects of Mach number and altitude on the period and damping of 
the lateral oscillation and on the transfer functions resulting from 
aileron or rudder deflection for the North American F-86A, Grumman F9F-2, 
Republic F-84, Douglas D-558-II, and Bell X-l airplanes without autopilots. 
In addition, because of the importance of the response of airplanes to 
atmospheric turbulence (ref. 13 ) the yaw response of the aforementioned 
airplanes to a sinusoidal lateral gust distribution was calculated for 
several Mach numbers and altitudes. 

The results of the Investigation are presented without analysis for 
reference purposes . 


COEFFICIENTS AND SYMBOLS 


The data presented herein are in the form of standard NACA coeffi- 
cients of forces and moments and symbols and are referred to the stabil- 
ity axes shown In figure 1. The symbols and coefficients used herein 
are defined as follows: 

L lift, lb 

W weight, lb 

Y lateral force, lb 

L' rolling moment, ft-lb 

N yawing moment, ft-lb 

q dynamic pressure, lb/sq ft 

S area, sq ft 

b span, ft 

A aspect ratio, b^/s 

p mass density of air, slugs/cu ft 

airspeed, ft/sec 


V 
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pb/2V 

rb/2V 

P 

r 

& a 

5 >. 


4 

^ dt' 


* _ 

* " dt’ 


p 

CT 

a 

A 

n 


Mb 

s 

Cll 


wing-tip hel 3x angle, radians 
yawing-angular -velocity parameter, radians 
roll ing- angular velocity about X-axis, radian/sec 
yawing -angular velocity about Z-axis, radian/sec 
total aileron deflection, deg 

rudder deflection, deg 
angle of bank, radians 
radian/ sec 

angle of yaw, radians unless otherwise noted 
radian/sec 

angle of sideslip, radians 

angle of airstream with respect to initial flight-path direction, 
of airplane, radians unless otherwise noted. 

angle of attack of fuselage reference line, deg (see fig. 1) 

angle of sweepback of wing, deg (subscript denotes chord line) 

inclination of principal longitudinal axis of airplane with 
respect to flight path, positive when principal axis is above 
flight path at nose, deg (see fig. 1) 

angle between reference axis and principal axis, positive when 
reference axis is above principal axis, deg (see fig. l) 

angle of flight path to horizontal axis, positive in a climb, 
deg (see fig. 1) 

relative density factor, W/gpS^by. 

acceleration of gravity, ft /sec /sec 
frequency, radians/ sec 
natural frequency, radians/sec 
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nondimensional frequency, a> 


TV 


% 

% 

% 

% 

K Z 

K XZ 


radius of gyration in roll about principal longitudinal axis, ft 

radius of gyration in yav about principal vertical axis, ft 

nondixnensional radius of gyration in yaw about principal lon- 
gitudinal axis, b^. 

nondimensional radius of gyration in yaw about principal verti- 
cal axis, K Sq/TV 

nr>nri i nv»n a i rmaj radiu s of gyration in roll ab out longitudinal 
stability axis, cos 2 q + K^ 2 sin 2 r| 

nnnri j mpn a l nn a 1 radius of gyration in yaw about vertical stabil- 


2 2 _ 


2 _.„ 2 _ 


ity axis, cos^tj + Kj^ sin^rj 


St 


nondimensional product of inertia parameter, 
^ 2 - K^^sin q cos tj 

time, sec 

nondimensional time parameter, tv/b 


°b 

T l/2 

P 

I 


differential operator, d/ds^ 


time for oscillation to damp to one -half amplitude, sec 


period of oscillation, sec 


ratio of actual to critical damping. 


0.695 


* 1 / 2 ^ 
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H altitude, ft 

M Mach number 

R Reynolds number 

Subscripts : 

H horizontal tail 


v 

w 

F 

M 

M = 0 

°L 

°Y 


vertical tail 

wing 

fuselage 

at any Mach number 

at Mach number 0 

lift coefficient, L/q^S w 

lateral-force coefficient. 


Cn 


rolling -moment coefficient, 
yawing -moment coefficient. 


Cy = — per radian 
^ 5a 


% 

S 


_ Sc n 

~*T’ 

5Cy 





per radian 


per radian 


per radian 


per radian 


L'/qa^tv 

»Mr*V 
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ac z 

Ci = — T-, per radian 
L V .P b 

d 2V 

SOy - 

Cy p = -p^> Per radian 
*2V 
dC_ 

CL = — — , per radian 
-srb 

d 2V 

ac, 

C 7 = , per radian 

*'r rb 

d 2V 

bCy 

Cv = . per radian 

*r rb 

5C 7 

C lB = v per deg 
°a o8„ 


5^ 

°"6 a - Sf Per ^ 


5Cy 

Cy R - - — , per deg 
1& a d6 a 


5C l 

Cl8 r - 57 per 468 


Cq = per deg 

°r d6 r 


X ■ s? 


per deg 
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CALCULATION METHODS 
Equations of Lateral Motion 


The linear none) ImenslonaL equations of lateral motion, referred to 
the stability system of axes of figure 1 , are: 

Roll: 



Yaw: 


- \ I V»)' P + - 

| ‘V'b)* - %» = V + <V>a 


> (1) 


Sideslipping: 


( 


- | Cv Db 


- Cl|<P + - i 0y r \ 


Db - tan 7 


^ + 


\^Pb " <*pj p " °Vr + °y 6a Ba 


For the present investigation, tan 7 , Cn< 




Cj R , and. 
a *o a °r 


°Y 


were assumed to be negligible and were considered to be equal to zero. 
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Transfer Functions 

In order to find the amplitude and phase relationship of 3, 
and i|r resulting from unit sinusoidal variations in 6 a and 6j., equa- 
tions (l) are solved by the method of determinants, a substitution is made 
for the sinusoidal variations of control deflection, and the resulting 
expressions are separated into real and imaginary parts. The first step 
in the operation gives equations (2) which are similar to those presented 
in references 14 (with the initial conditions of zero) and 15. These 
equations are: 


p _ * a 2 p b 2 + a 5Pb 




3 ^l 1 ^ 5 + ' b 2 I> b 2 + b ^°b 




3 2 

cp _ QpPb + c l D b + c 2 D b + c 3 

A 


9 d o D b 5 + dl 1 ^ 2 + d 2l>b + d 3 


Cn, 


( 2 ) 


_ 3 2 ^ 

i|f _ e 0 I>b + eiDb + egDb + ^2 


5 d 


Cl, 


JL - f o°b 3 + f l D b 2 + f 2 p b + £2 r 

8-r. A 


where 


A = AD^ + 




CDb 3 + 


™b* + 


EDb 
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and A, B, C, D, and E are given on page 35 of reference and 
a l = ^b^XZ + " ^XZ 0 ^ 

a 2 = ~^ CrL p + 2|i b C L K z 2 + 5 Pnp°r r " j“ 

a 5 = ' i C L C d x 

b l = -^^X 2 + ^ K X 2 °X r ~ M^ K xz C Y p 

b 2 = ^ C l p " 2 ^b C L K XZ + £ C l r % " 4 C l p °* r 

b 3 = | ^hr 

c o = Sj 2k z 2 

C 1 - ^ 

c 2 “ + | C n r % " I % C Y r 


Cj = 0( since tan 7 = 0 } 

<io = “V-b^xz 


d l ~ 2 ^b K XZ C Y R + ^b C i 
p r 
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d 2 = -2n Ci p + J C lp 0Y r - | 
= 0( since tan 7=0) 
e 0 = 

e i = + 2tx b°yp K xz 

e 2 = 2 %% " 2 ‘V^P 

e 5 = ^^p 

f 0 = 4p b 2 K x 2 

f l = -^b C Z p " 2 ^ K X 2 °Y|3 

f 2 " I %% “ I %% 

f 3 = _C L C Zp 


Substituting ito^ for the operator in equations (2) results 

in a complex number of the form Cq or Cj R (a + bi) which is changed 


to the form Cn R or Cj 

Oy* c 


K) 


where 


Be. 

R = \/a 2 + b 2 and 9 = tan" 


The transfer functions were then computed over a range of nondimensional 
frequencies cop which are related to co radian/sec by co = o^, =^-. 


Plo 1 
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In order to obtain the transfer functions 

9 

B a> 5 r 


9 


§r 


and the corre- 


was multiplied by cd 


sponding phase angles, the magnitude of 
and ^ was added to the phase angle to obtain the phase angle 9 <p . 


^a> ®r 


A similar procedure was used for 
angles. 


B a > 6 r 


and the corresponding phase 


In addition to the transfer functions the period and damping of the 
lateral oscillation were calculated from the roots of the characteristic 
equation A. The damping ratio £ (ref. 12 ) was calculated from 

6 = — - where ecu is the natural frequency in radians per second and 
T l/2<% 

the damping ratio is the ratio of actual to critical damping. 

Sinusoidal Lateral Gust Eesponse 

Only the response in yaw to a sinusoidal lateral-gust disturbance 

was calculated for the subject airplanes and penetration effects along 

the fuselage were not considered. The gust disturbance 0 was considered 

to be an effective sinusoidally varying sideslip angle which produces an 

additional C7 j 3 and Cq .,3 on the right side of the roll and yaw equa- 

P 

tions of motion (equations (l) in Calculation Methods), This effective 
sideslip fl.n g l r was considered to he equal numerically to 3. 

From the transfer functions ve have 


^1 _ + e iPb + e 2 P b + e 5 


and 


*2 fcPb 5 + fpb 2 + + f 5 




The amplitude of ijf with respect to and Cq^ 


is 
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which upon substitution of = ico^ gives 

i - R 1 e 1 ( S l +,t ) + R 2 e I0 2 



cos(9-l + it) + iR-^ sin(0^ + rt) + R 2 


cos 0 2 + iR 2 


sin 02 


or 


i . R,e 1S 5 
0 ■> 


where the amplitude ratio Rj is equal to 


cos(0-^ + it) + R 2 cos 0^j 2 + J^l Bin(0-L + it) + R 2 sin 0^j ' 
and the phase angle 0j is equal to 


and 


tan -1 


Rq sin (0q + it) + R 2 sin 02 
R^ cos/0^ + it) + R 2 cos 02 


sin“-*-J 


R-^ sin^0^ + it) + R 2 sin 0 2 


JF 008(91 + + B2 cos 92 ] 2 + & s±n(ei + T) + 1,2 8i “ e 2 l : 


The factor jt vas added to 0^ to account for a change in sign 
of since Cj is usually negative. The expression i vas multi- 

plied by 1000 feet per second for the gust velocity and divided by V 
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in feet per second to obtain the relative amplification factor 


£ 1000 
o Y 


as was used in reference 13 - 


PERTINENT AIRPLANE DATA 
Geometry 


The airplanes selected for the present investigation were the North 
American F- 86 A, Grumman F9F-2, Republic F-84, Douglas D-558-II, and Bell X-l. 
Pertinent geometric and mass data are given in tables I and U and a 
drawing of each airplane is presented in figure 2 . The airplane mass data 
were obtained from unpublished results, the Flight Research Diyision of the 
Langley Aeronautical Laboratory, from reference 1 for the Bell X-l airplane, 
and from references 2 and 3 for the Douglas D- 558 - II airplane. 


Stability Derivatives 

Low-speed data .- Scale models of the North American F-86A and 
Grumman F9F-2 airplanes were obtained from the Langley Hydrodynamics Divi- 
sion and were tested in the Langley stability tunnel to determine the nec- 
essary static and rotary derivatives. These data are presented in figure 3 
since they have not been presented before. Scale models of the 
Douglas D- 558 -II and the Bell X-l were previously investigated in the 
Langley stability funnel, (refs. 2 and £ 6 , respectively). The static 
derivatives of the Republic F-84 at a low Mach number were obtained from 
unpublished results. The rotary-stability derivatives for the Republic F-84 
airplane wing-fuselage combination were determined by the methods described 
in reference 17- The vertical-tail Increments of the rolling nnr \ yawing 
derivatives were calculated by the use of the equations presented in refer- 
ences 18 and 19 and the experimental values of Cy^ of the vertical tail. 

Ma ch n u mb er effects .- For all airplanes considered, the derivatives 
of the wing-fuselage combination, with certain exceptions, were corrected 
for the effects of Mach number by the methods of reference 20. In making 
these corrections the experimental variation of with Mach number was 

used when available (refs. 21 a nd 22). The derivatives Cj^, 

and Gy were those not corrected for the effects of Mach, number. The 
x r 

fuselage generally is the major contributor to these derivatives at low- 
angles of attack, and the effects of Mach number on these fuselage deriva- 
tives are usually small in this angle-of -attack range. 
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The vertical-tail derivatives for al.l airplanes considered were 
corrected for Mach number effects by determining the effective aspect 
ratio of the tail at a low Mach number (M «* 0) from, the experimental 

Cv 0 and. reference 25 • The methods of reference 20 were used to deter- 
Pv 

mine Mach number corrections to the vertical-tail lift-curve slope for 
the effective aspect ratio. All vertical- tail derivatives were then 

corrected for Mach number effects by using the ratio — 

N)*o 


The total airplane derivative at a given angle of attack and Mach 
number was then determined by the sum of the vertical-tail contribution 
and the wing-fuselage-combination contribution. 


The variation of with Mach number for several angles of attack 

for each airplane is presented in figure 4 and the variation of the static 
and rotary derivatives with Mach number for each airplane is presented in 
figure 5 » 


Aileron and rudder effectiveness .- The aileron effectiveness Cj 

and rudder effectiveness Cq-. and the sources for each airplane are 

©r 

given in the following table: 


&a 


Airplane 

Ci B , per deg 

Reference 

per deg 

Reference 

North American F- 86 A 

- 0.0015 

24 

- 0.0010 

24 

Grumman F9F-2 

-.0015 

25 

-.0007 

26 

Republic F-84 

-.0021 

Unpublished 

tests 

-.0017 

Unpublished 

tests 

Douglas D- 558-11 

-.00115 

; 27 

-.0012 

28 

Bell X-l 

-.00152 

Unpublished 

tests 

l 

-.00246 

Unpublished 

tests 


These values were assumed to be constant for all flight conditions 
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RESULTS 

Presentation of Results 

The flight conditions investigated are indicated in table II. 
Because there are a large number of figures in the present paper they 
are indexed in the following table: 

Data Figure 

Low-speed experimental static and rotary derivatives of 

scale models of the F-86A and F9F-2 airplanes . . \ 3 

Variation of lift coefficient with. Mach, number for the 

airplanes investigated 4 

Variation of static and rotary derivatives with Mach number 

for the airplanes investigated 5 

Lateral period and damping characteristics of the 

airplanes investigated 6 

Effect of Mach number and altitude on ratio of actual to 

critical damping for the airplanes investigated 7 

Variation of natural frequency with Mach, number for the 

airplanes investigated 8 

Effect of Mach number and altitude on the lateral-frequency- 

response characteristics of the F-86A airplane 9 

Effect of Mach number and altitude on the lateral-frequency- 

response characteristics of the F9F-2 airplane 10 

Comparison of calculated and flight lateral-frequency- response 

characteristics of the F9F-2 airplane at M = 0.4 11 

Effect of Mach number and altitude caa the lateral-frequency- 

response characteristics of the D-55 8 -II airplane 12 

Effect of Mach number and altitude on the lateral-frequency- 

response characteristics of the D- 558-11 airplane 13 , 14- 

Effect of Mach number and altitude an the lateral-frequency- 

response characteristics of the X-l airplane 15, 1 6 

Lateral frequency response of F-86A airplane to a 

sinusoidal lateral gust distribution 17 

Lateral frequency response of F9F-2 airplane to a 

sinusoidal lateral gust distribution 18 

Lateral frequency response of F-84 airplane to a 

sinusoidal lateral gust distribution 19 

Lateral frequency response of D-558-II airplane to a 

sinusoidal lateral gust distribution 20 

Lateral frequency response of X-l airplane to a 

sinusoidal lateral gust distribution 21 

The results of the present investigation are presented in the form 
of plots of F (period) and Two (time to damp to one-half amplitude) 
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of the lateral oscillation of each airplane against Mach number for vari- 
ous altitudes (fig. 6), plots of the lateral frequency response against 
frequency for various flight conditions (figs. 9 to 1 6 ), and plots of the 
yaw response to a sinusoidal lateral-gust distribution against frequency 
ratio for various flight conditions (figs. 17 to 21). 


General Comments 


Aeroelastic and unsteady lift effects have not been included in the 
calculations and may have a large effect on seme of the derivatives, 
especially at the low altitude investigated (1000 feet). The investiga- 
tion of reference 11 on the F-86A airplane has indicated a large aero- 
elastic effect on the derivatives Cj , C nr , and Cq at high speeds 


at an altitude of 10,000 feet. The results for the F-84 airplane are 
believed to be applicable for models through D only, since, for later 
models, the fuselage was lengthened by adding a section between the wing 
and the tail and this change would alter the derivatives. 


The period and damping of the lateral oscillation axe compared with 
the Bureau of Aeronautics criterion (ref. 29) and with flight data when 
available (fig. 6). Except for the D-558-II airplane, calculations were 
not made for specific flight-test conditions and hence, in some cases, an 
exact comparison between calculated and flight results is not possible. 

The agreement between the calculated and flight values (ref. 30) of 

for the D- 558- II airplane is poor (fig. 6(e)). The flight frequency- 
response characteristics (fig. 11) and the period and damping characteris- 
tics (fig. 6(b)) of the F9F-2 airplane were obtained from the Langley 
Flight Research Division and are actually for the F9F-3 airplane with tip 
tanks empty. Since the F9F-3 airplane differs from the F9F-2 airplane 
only in that a larger, slightly heavier engine is used in model -3 it is 
believed that the results presented herein axe applicable to both models. 


The value of K-^ 2 (table II) used in the calculations for the F9F-2 air- 
plane was for the condition of the tip tanks 3A full and as a result it 

p 

is about twice the value of for the flight-test conditions. This 

difference probably accounts for the calculations underestimating the 


* 

— response of the airplane at the higher frequencies (fig. 11). 
5 a 


The effects of Mach number on the frequency-re spouse characteristics 
of the F-86A at an altitude of 20,000 feet as presented herein (fig. 9) 
axe, in general, similar to those obtained in flight (ref. 11). 
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CONCLUDING REMARKS 


Calculations have been made to provide information on the lateral- 
frequency- response characteristics of the North American F-86A, 

Grumman. F9F-2, Republic F-84, Douglas D-558 -Hj and Bell X-l airplanes 
through a range of flight conditions. In addition to this information 
the period and damping of the lateral oscillation and ratio of actual to 
critical damping have also been determined. The frequency-response data 
were also put into such a form as to represent the lateral response of 
these airplanes to sinusoidal lateral disturbances of the air. Aero- 
elastic and unsteady lift effects have not been accounted for in the 
calculations and may have an important influence under certain flight 
conditions . 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., September 29 , 1953- 
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tabu i.- mmja rt aupmh data 


[All airfoil MCtloc* an KACA apecifiad. Atm of rartical Ull of Onaoan Df*i doe* pot axtcnd to rwftrtftee lliys (see fig. 2 ] 7 j 


Vlngi 

Bp tXj ft 

Atm, 14 ft 

Sip atari, ft .1 ...» . 

Airfoil ■ction, root 

Airfoil Motion, tip , . 

InoUnw, dag 

m*Ax+x t do« 

thMp of rafaranoa lino, lac 

firlrt, dag 

Aapact ratio 

bpar ratio 

Naan hi nlj i—l n obvA, lfl, 

LMdlDg «dg* Of M *4 MTUdllMdO OhOrd fTCB lMdlOf tdga Of 

root chord, lo 

Balgbrt of root chord lica abqra or balov xafar a u oa lino, 

Ytrtiaal tail i _ 

8pn tnm rtfinoof Una, ft 

Am to r af araooa llna, 14 ft 

Aiput ratio . « . 

Iff active impact ratio 

IcncUudlwl diatnoa fm nt« of parity to rartiaai 

tall Matter of pTM M ra, ^r/\ • 

Tartloal dlrtanoa frm aaotar of parity to Tartloal tall 
oaottr of praamra, *j/\ . . 

Airfoil Baoticn, root • » 

Airfoil Mctlon, tip 

Tip chord, ft 

Taper ratio 

imp of qpvtar ahord, dag 


IcrlaoBtal taili 

Span, ft 

Area, aq ft 

Aapaot ratio , , , 

Svaap of rafaranoa Lina, dag . . . 

Airfoil Motion, root 

Airfoil Motion, tip 
Haight above rafaranao Una, 

Tip chord, ft 

hpw ratio 

Ulhadral, daf 


Tom legal 

length, aypIndlTig bocM, ft 


Omni! 

Vine loading, U>/aq ft , . . , , 

Onrtar of gravity, paroaat «wn aerodynamic chard 


Alrplapa 

Hortb American T-86A 

On— iti I9F-2 

Boputollci T4fc 

Uwgla* D-556-n 

Ball X-l 

57-10 

33.25 


25.00 

£6.00 

^•90 

250.00 

260.00 

173.00 

150.00 

5.29 

k,30 

5.»*> 

3.10 

„ 5.09 

0QU-6A 

6ki-A002 

RawWlc BA 
k5-l312-9 

63 - 01 D 

65-UOa-l 

00LL-6k 

ft r A0l2 

63-002 

65-LUJhI 

Q 

0 

0 

3.0 

2-3, 1.3 

5 

k 

5 

-3 

0 

0,25c, 53.25 

0,27a, 0 

0.3c, 0 

0.335c? 55 

o.ko, 0 

-a 

0 

-a 

0 

-1 

k,79 

4.97 

3.10 

5 .71 

6.00 

0.51 

0,W 

0.37 

0.37 

0.30 

91-0} 

fi?30 

as.7t 

frr.jo 

57.70 

75.00 

7.30 

10 .& 

- 0.016 

3k, 15 

6.60 

-0-073 

-0.0Q0 

0 

0 

S.91 . 

8.65 

6.10 

8.tf 

8.26 

kfl.fi 

53.00 

59-to 

36.80 

kl-10 | 

l.fi 

a.Tfl 


l.fi 

2.10 

1.1k 

l.kO 

1.66 

BOO 

o.AJh 

O.Ali 

O.kfi 

0,600 

0.350 

0 . 15 k 

0,li5 

0.120 

0.100 

0.110 

001B-A 

6^^002 

BA,kO-0U 

63 -coo 

— 

oow-6k 

6k 1 -A010 

R-kjkO-CQLO 

63-010 

— ; 

1.91 

1.70 


2.22 

8.82 

0.31 

Q.lk 

0.56 

O.lfl 

00k 

53 

kl 

16.3 

35 

16 

i 2 ,flo 

17.1B 

17.00 

11,95 

ll.ko 

53,00 

56.50 

37.10 

39-90 

26.00 

i,65 

3.06 

3.07 

5.59 

3.00 

0,25c, 53-27 
6oifi-6k 

0.25c, lk.k7 
&4-A01B 

.A 1 * 0 ' 0 

ju*,ko-oiD 

o.jjjo, fca 
63-01 a 

Oc, 18 

ooia- 6 k 

6kj_-AD10 

B-k,kO-QU) 

6>-C10 


0.032 

0.152 

0.093 

0.170 

0.236 

1,7® 

2.16 

2,55 

3.25 

1.5E 

0,101 

0.A17 

0.36 

0,30 

0.50 

10 

0 

3 

0 

0 

3k. ko 

55-30 

56.90 

ka.oo 

31-00 

k6.3 

fio.o 

59-6 

76.0 

65 .O 

220 

*.7 

05.5 

B5.0 
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TABLE II.- CONDITIONS INVESTIGATED 


Airplane 

H, ft 

M 

w/s v 

°L 

a , deg 

£ 

ro 

CM 

f 

e, deg 

North American F-86A 

1,000 

0.4 

46.5 

0.201 

3.13 

0.0126 

0.0404 

2.56 

North American F-86A 

1,000 

.6 

46.5 

.090 

1.45 

0.0126 

0.0404 

2.56 

North American F-86A 

1,000 

•9 

46.5 

.040 

• 70 

0.0126 

0.0404 

2.56 

North American F-86A 

20,000 

.4 

46.5 

.426 

6.30 

0.0126 

0.0404 

2.56 

North American F-86A 

20,000 

.6 

46.5 

.188 

2.70 

0.0126 

0.0404 

2.56 

North American F-86A 

20,000 

.9 

46.5 

.084 

1.13 

0.0126 

0.0404 

2.56 

Grunanan F9F-2 

1,000 

.4 

60.0 

.260 

4.00 

.0327 

.0644 

2.80 

Grunman F9F-2 

1,000 

.6 

60.0 

.115 

2.38 

.0327 

.0644 

2.80 

Grumman F9F-2 

1,000 

.8 

60.0 

.066 

1.75 

.0327 

.0644 

2.80 

Grumman F9F-2 

20,000 

.4 

60.0 

•550 

7.16 

.0327 

.0644 

2.80 

Grumman F9F-2 

20,000 

.6 

60.0 

.243 

3.65 

.0327 

.0644 

2.80 

Grumman F9F-2 

20,000 

.8 

60.0 

.138 

2.40 

.0327 

.0644 

2.80 

Republic F-84 

1,000 

.4 

59.6 

.258 

2.35 

.0628 

.0857 

2.00 

Republic F-84 

1,000 

.6 

59-6 

.115 

.45 

.0628 

.0857 

2.00 

Republic F-84 

1,000 

•9 

59-6 

.051 

-.50 

.0628 

.0857 

2.00 

Republic F-84 

20,000 

.4 

59-6 

.547 

6.20 

.0628 

.0857 

2.00 

Republic F-84 

20,000 

.6 

59.6 

.242 

1.90 

.0628 

.0857 

2.00 

Republic F-84 

20,000 

.9 

59.6 

.108 

O 

§ 

I 

.0628 

.0857 

2.00 

Douglas D-558-II 

1,000 

.4 

76.0 

■ 529 

3.35 

.0125 

.1510 

1.70 

Dougins D-558-II 

1,000 

.6 

76.0 

.146 

.65 

.0125 

.1310 

1.70 

Douglas D-558-II 

, 1,000 

.9 

76.0 

.065 

-.60 

.0125 

.1310 

1.70 

Douglas D-558-II 

120,000 

.4 

76.0 

.696 

8.75 

.0125 

.1310 

1.70 

Douglas D- 558-11 

20,000 

.6 

76.0 

.307 

2.85 

.0125 

.1310 

1.70 

Douglas D-558-II 

20,000 

.9 

76.O 

.138 

.20 

.0125 

.1310 

1.70 

Douglas D-558-II 

20,000 

.4 

57.1 

.524 

6.1 

.0163 

.1372 

4.20 

Douglas D-558-H 

20,000 

.5 

57.1 

.335 

3.4 

.0163 

.1372 

4.20 

Douglas D-558-II 

20,000 

.6 

57.1 

•231 

1.8 

.0164 

.1371 

4.20 

Douglas D-558-H 

20,000 

.7 

57.1 

.171 

.8 

.0166 

l .1369 

! 4.20 

Douglas D-558-II 

20,000 

• 75 

57.1 

.149 

• 5 

.0167 

: .1368 

4.20 

Douglas D-55&-II 

20,000 

.8 

57.1 

.131 

.2 

.0168 

i .1367 

4.20 

Douglas D-558-H 

20,000 

• 9 

57.1 

.103 

-.2 

.0169 

.1366 

4.20 

Douglas D-558-II 

20,000 

.4 

57-1 

.524 

6.1 

.0272 

.1916 

3.70 

Douglas D-558-H 

20,000 

.6 

57.1 

.231 

1.8 

.0271 

.1896 

3.70 

Douglas D-558-II 

20,000 

.9 

57.1: 

.103 

-.2 

•0277 

.1909 

3.70 

Douglas D-558-II 

50,000 

.8 

57.1 

.713 

7.10 

.0125 

.1310 

1.70 

Douglas D-558-H 

50,000 

.9 

I 

57-3. 

•550 

4.50 

.0125 

.1310 

1.70 

Bell X-l 

1,000 

0.4 

65.O 

.281 

1.60 

.0067 

.0419 

2.00 

Bell X-l 

1,000 

.6 

65.0 

.125 

-.15 

.0067 

.0419 

2.00 

Bell X-l 

1,000 

• 9 

65.O 

.056 

-1.00 

.0067 

.0419 

2.00 

Bell X-l 

20,000 

.4 

65.0 

.596 

4.90 

.0067 

.0419 

2.00 

Bell X-l 

20,000 

.6 

65.O 

.263 

1.15 

.0067 

.0419 

2.00 

Bell X-l 

20,000 

.9 

65.0 

.118 

-.65 

.0067 

.0419 

2.00 

Bell X-l 

50,000 

•7 

65.0 

•775 

5.60 

.0067 

.0419 

2.00 

Bell X-l 

50,000 

.8 

65.0 

.610 

3.40 

.0067 

.0419 

2.00 

Bell X-l 

50,000 

.9 

65.0 

.471 

1.40 

.0067 

.0419 

2.00 
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Lift 





(a) Stability system of axes. Arrows indicate positive direction of 
forces, moments, and angular velocities. 


Figure 1.- System of axes. 



(■b) System of axes and angular relationship in flight. Arrows indicate 

positive direction of angles. 

Figure 1.- Concluded. 
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Figure 2.- General arrangement of airplanes. Dimensions In Inches. 




Uft coefficient, C, 


Model Oonbgunjtm cg(%Q R M 

o F-86A complete 223 0.76 xKf 0/3 

uF-86A mng&fusehge 223 TGxKf JS 

OF9F-2 complete 270 70xKf 13 



ro 

ON 


Figure 3.- Experimental variations of C L , Cy^, C^, C Z p, 0y pJ C^, 

0^, Cy r , C^, and with angle of attack for scale models 

of the North American F-86A and Grumman F9F-2 airplanes. Tip tanks 
on for all F9F-2 data. 
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Mach number, M 


(a) North American F-86A. 

Figure 5-- Variation of static and rotary stability derivatives with Mach 
number for Beveral angles of attack for the airplanes investigated. 
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Mach number, M Mach number, M Period, P, sec 

(a) North American F-86A, 

Figure 6.- Lateral period end damping characteristics of the airplanes 

investigated. 
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(b) Grumnan F9F-2. 
Figure 6.- Continued. 
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(c) Republic F-84. 
Figure 6.- Continued . 
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(e) Comparison of calculated and flight values of P and T-jy 2 * or tlie 
Douglas D- 558 -II airplane. H = 20,000 feet; W/S^ «= 57*1 Ib/sq. ft. 

Figure 6.- Continued. 
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(f) Bell 


Figure 6.- 
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Ratio of actual to critical damping, £ 


M 


O F- 86A 
QF9F-2 
0 F-84 
tx D-558-E 



(a) Altitude, (b) Altitude, (c) Altitude, 

1,000 feet. 20,000 feet. 50,000 feet. 

Figure 7.- Effect of Mach number altitude on the ratio of actual to ^ 

critical damping for the airplanes investigated. ua 
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Moch number, M 


(a) Altitude, 
1,000 feet. 


(b) Altitude, 
20,000 feet. 


(c) Altitude, 
50, 000' feet 


Figure 8.- Variation of the natural frequency with Mach number 
for the airplanes investigated. 





Figure 9 *- Effect of Mach number and altitude on the lateral frequency 
response characteristics of the North American F-86A airplane. 
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North American F-86A airplane. 


Figure 9 »- Continued 












Phase angle, 9 , radon Phase angle, 9 : , rattan angle, 9 : 







50 


NACA RM L5JJ01 



, , 0* e# 

( c) Variation of -^r-, and 


6r 


with co. 


J3 

B a ' Ba' B a 

Grumman F9F-2 airplane. 


(d) Variation of 


!i a. 


0 


and — 


P 


vlth CD. 


& r 6 r 6 r 
Grumman F9F-2 airplane. 


Figure 11.- Concluded 
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Frequency, u, radon per second 


(a) Variation of — , X—, and — with to. 

B a 6 a J 8 a 


Figure 12.- Effect of Mach number and altitude on the lateral frequency- 
response characteristics of the. Republic F-84 airplane. 





t 


'H* 16 



J6 

" 4 ^ 12 




(b) Variation of — , and — with a>. 

5 r B r 6 r 

Republic F-84 airplane. 


Figure 12.- Continued. 
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V40 



Frequency, u, radian per second 

(a) Variation of — , — . and — with m. 

^a ®a 

Figure 13 .- Effect of Mach number and altitude on the lateral frequency 
response characteristics of the Douglas D-558-H airplane. 
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/v 0* ®<j| ®6 

(c) Variation of — . — t-, and — 

6a 6a 6 a 

with cd. Douglas D-550-H 
airplane . 


0 1 y 0 

(d) Variation of — , and — ! - 
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6, 


J r '•'r 

• with cid. Douglas "D-^8-11 
airplane . 


Figure 14. - Concluded. 
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Figure 15 .- Effect of Mach, number and altitude on the lateral frequency 
response characteristics of the Bell X-l airplane . 
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Figure 15-- Continued. 
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Figure 16 .- Concluded. 
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(a) Altitude, 1,000 feet. (b) Altitude, 20,000 feet. 

Figure 17.- Lateral frequency response of North American F-86A airplane to a 

sinusoidal lateral guBt distribution. 
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Phase 



(a) Altitude, 1,000 feet. (b) Altitude, 20,000 feet. 

Figure 18 .- Lateral frequency response of Grumman F9F-2 airplane to a 
ainusoldal lateral gust distribution. 
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(a) Altitude, 1,000 feet. 

Figure 19.- Lateral frequency response 
sinusoidal lateral gus 
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(b) Altitude, 20,000 feet. 


of Republic F-81(- airplane to a 
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(a) Altitude, 1, 
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(c) Altitude , 50,000 feet. 
Figure 20.- Concluded. 
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(a) Altitude, 1,000 feet. (b) Altitude, 20,000 feet. (c) Altitude, 50,000 feet. 

Figure 21.- Lateral frequency response of Bell X-l airplane to a sinusoidal 

lateral gust distribution. 



